Thymic aplasia or hypoplasia is often associated with complete or partial absence of the parathyroid glands and almost invariably with cardiovascular malformations. As both the thymus and parathyroid glands are derivatives of the same embryonic structures, this developmental anomaly has been called the III-IV pharyngeal pouch syndrome. ' 2 DiGeorge3 described the clinical syndrome characterised by neonatal hypocalcaemia and defective thymus-dependent cellular immunity in infancy in which the most common cause of death is severe cardiac malformation usually involving the aortic arch or conotruncus.
Our recent experience with 10 patients who died within the first year of life and came to necropsy indicates that this syndrome is not as rare as generally thought. This paper deals with the cardiovascular findings and reviews the published reports.
Subjects
In a consecutive series of 510 paediatric necropsies Received for publication 31 December 1979 performed at the University Hospital Gasthuisberg over a three-year period, the anatomy of the thymus was carefully examined as a routine. Ten patients with agenesis or hypoplasia of the thymus were found. Stress involution was differentiated from hypoplasia on the basis of the symmetrical aspect of the shrinkage and the persistence of the normal bilobed anatomy. In hypoplasia at least one lobe of the thymus is completely absent. Thymic aplasia was defined as the absence of thymic tissue in the upper mediastinum. In nine of the 10 patients the tissue of the anterosuperior mediastinum and neck, which had been removed en bloc, was serially sectioned at 5 V. and every 10th section was stained and histologically examined. All 10 patients had presented to the departments of paediatric cardiology or neonatology with cardiac symptoms and signs. Ventricular septal defects were classified after Goor and Lillehei4 and truncus arteriosus after Collett In all patients congestive heart failure or cyanosis were the presenting features which led to hospital admission. Only one infant (case 1) had severe hypocalcaemia and overt tetany. In one other patient (case 3) borderline hypocalcaemia (841 mg/100 ml) did not produce neurological symptoms. The serum calcium level was normal in six of the eight cases in which it was determined. Bronchopneumonia was a complication in three patients (cases 2, 3, and 8) and oral moniliasis and gastroenteritis in one patient (case 8).
Cranofacial stigmata (Table 2) were noted in six patients. The most common were low-set ears, hypertelorism, and retrognathia (Fig. 1) . The fairly specific "fish-mouth" appearance was observed in four cases. In one of them (case 3) this facial expression was enhanced by ankylosis of the mandibular joint. (Fig. 4) . In three patients (cases 4, 5, and 10) the aortic valve was bicuspid but not difinitely narrowed.
Six children had conotruncal anomalies. Truncus arteriosus type I was found in four children, in two of them associated with a right aortic arch. The two patients with tetralogy of Fallot also had a right aortic arch. In one of them (case 6) agenesis of the pulmonary valve and aneurysmal dilatation of the main pulmonary artery were observed. At the site of the pulmonary valve only a fringe of nodular and dysplastic tissue was found. The ductus arteriosus was absent. Anomalies of the subclavian arteries ( Fig. 2 ) were common. Four patients had an aberrant left subclavian artery and one patient had an aberrant right subclavian artery. In one case with bilateral ductus arteriosus (case 10) the left subclavian artery was isolated from the aortic arch. It connected with the pulmonary artery via a left ductus arteriosus. The right ductus arteriosus supplied the descending aorta. Other cardiovascular findings were: bicuspid aortic valve (cases 4, 5, and 10), bicuspid pulmonary valve (case 4), and bilateral superior vena cava (case 3). Pulmonary venous connection was normal in all patients and in all the foramen ovale was patent, with an incompetent valve in three (cases 3, 4, and 6).
Thymus, lymph nodes, and spleen (Table 3) In five patients (cases 1, 2, 7, 8, and 10) rudimentary fragments of the thymus could be identified macroscopically. They were derived from the right lobe and were usually ectopic. The left lobe was absent in all cases (Fig. 5) . Serial histological examination of the cervical and mediastinal tissue showed small thymic remnants in three other patients (cases 4, 5, and 6). The histological structure of this thymic tissue was normal. Evidence of involution was slight to moderate. No thymic tissue could be found in the remaining two patients (cases 3 and 9).
Compared with the histological structure of the lymph nodes in children of the same age group, the lymph nodes in these 10 patients showed hypocellularity of the paracortical area. The degree of lymphoid depletion of the thymus-dependent zones, however, was variable, even in the same patient. The cortical zone of the lymph nodes was normal with primary and sometimes secondary follicles (cases 1 and 7). Hypoplasia of the spleen was most striking in case 6, a dysmature infant. The spleen was also abnormally small in the patients with no thymus (cases 3 and 9). In all patients a pronounced hypocellularity of the periarteriolar lymphocytic '5 In view of the rarity of this syndrome we were surprised to find 10 patients coming to necropsy within a period of three years. This may partly be explained by the fact that the pathologist, alerted by the first case, paid particular attention to the development of the thymus and parathyroid glands in paediatric necropsies, particularly in patients who had congenital heart disease.
All patients presented with cardiac symptoms or signs in the first months of life and, with one exception, all died from a cardiac cause. Only one infant had overt tetany, one had borderline asymptomatic hypocalcaemia, whereas six of the eight patients in whom it was determined had normal serum calcium levels. Our findings are therefore at variance with most previous reports in which tetany or hypocalcaemia were often the major disturbance. They confirm, however, the observations of Cameron'6 who found no signs of hypoparathyroidism in a series of 10 cases. These discrepancies may be explained by the variable pathological composition of the syndrome. Careful macroscopical and serial microscopical examination of the neck and anterior mediastinum performed in nine of our 10 cases, disclosed that in five patients at least one normal parathyroid gland was present. In one other patient one hypoplastic gland was found. Because of the unusual sites of ectopic tissue it is impossible to be certain that the remaining three patients did indeed have "aplasia" of the parathyroid glands. Farber and Vawter9 found parathyroid tissue high in the submucosa of the posterior pharynx and mentioned that ectopic tissue might also be located along the neural structures of the neck. While it is true that profound hypocalcaemia should alert the clinician to the possibility of DiGeorge syndrome, our experience indicates that this sign may be completely lacking.
Defective cell-mediated immunity did not lead to serious clinical complications in the present series. However, no specific studies of immune function were performed, which might have disclosed an abnormally low percentage of thymusdependent lymphocytes (T-lymphocytes) or depression in antibody response to specific immunisation.11 17 A review of the previously reported children with an immunological deficit' shows that they were older than our patients and that most of them had less severe heart disease. We presume therefore that the severity of the cardiac condition in our patients caused early death before immunological problems could arise. It should also be stressed that in many patients part of the thymus or ectopic thymic tissue may be found.2 In three of our patients a hypoplastic right lobe (weighing 0-8 g, 1 0 g, and 2-25 g) was present. In five other patients serial microscopical examination disclosed the presence of nodules of ectopic thymic tissue. Only two patients could, within the limits of careful post-mortem examination, be considered to be "athymic". The variability of the pathological findings and the corresponding degree of deficiency of the cellmediated immunity, led Lischner" to propose a classification in which partial and complete forms of the DiGeorge syndrome are distinguished.
As commented on in previous studies' 2 some patients have a peculiar facies characterised by hypertelorism, low-set ears, a short philtrum, and retrognathia. A fish-mouth appearance was noted in four of our patients.
Various other anomalies have been reported in this syndrome, which, however, are neither constant nor characteristic: severe thyroid hypoplasia,2 8 
